ABSTRACT This experiment was conducted to observe the effects of varying swimming times (ST) of Muscovy ducks, raised in an open-sided house, in alleviating the deleterious effects of high temperature in hotter times of the day in the summer season on growth performance (body weight, average daily gain, feed consumption, and feed conversion ratio), carcass characteristics, body temperature, and some health aspects. We hypothesized that swimming times during the hottest periods of the day would show different performances.
INTRODUCTION
Under the intensive production system, duck producers in hot climates face many obstacles and the challenge of alleviating heat stress on their birds at the beginning of each summer (Ola, 2000) . Several management techniques have been applied to sustain ducks' growth performance in heat stress conditions (Gowe and Fairfull, 2008; El-Shafaei et al., 2016) . Nowadays, duck keepers apply the dry system in which the ducks do not have access to a swimming area (Suswoyo and Sulistyawan, 2014) . Ducks are strongly water-oriented animals (Ruis et al., 2003) require access to a swimming area to perform their natural behavior, live in their natural habitat (webbed feet), and to fulfill their biological needs. This access is probably valuable for the ducks to reduce the heat stress' effect.
In the thermoneutral zone, birds can maintain constant body temperature by dissipating the body's heat using normal behavior (Jones and Dawkins, 2010) . The thermoneutral zone is considered to be between 7 and 23
• C (El-Badry et al., 2009; Liste et al., 2012) . A temperature range from 10 to 15
• C is necessary to attain the optimum duck performance (Huang et al., 2008; El-Badry et al., 2009) . High environmental temperature causes a remarkable depression on appetite, feed consumption growth rate, and carcass parameters, thereby delaying the time to achieve a marketable body weight, thus production efficiency and profitability decreases (Sterling et al., 2003) . In the 3912 present era, preventing the ducks from negative environmental fluxes is not the only issue but scientists will have to work out optimistic environment features to improve welfare along with growth performance (Appleby, 2003) .
Provision of a water pond is requisite for ducks to show their water directed behavior and to thermoregulate their body conditions and to assure welfare (O'Driscoll and Broom, 2011; Liste et al., 2012; Suswoyo and Sulistyawan, 2014) . The lack of access to a swimming pond has been shown to be the most important welfare issue facing commercial ducks (Mohammed et al., 2015) . Knierim et al. (2004) and Jones et al. (2009) documented that an open water facility is good for ducks' health and plumage hygiene. Briese et al. (2009) and O'Driscoll and Broom (2011) recommended that ducks should be able dive their heads in deep enough water and disseminate water over their feathers. Searching for a better housing condition fitting the waterfowl welfare aspects and alleviates heat stress in the hot climates, consequently, improving the performance with low cost is the aim of several researchers. The swimming system was among many experimental alternatives used to alleviate heat stress of ducks maintained under a hot climate in open and confined housing conditions (Wang et al., 2009) . Raising ducks in ponds is common in all tropical and subtropical climates (Scott and Dean, 1991) . Ducks naturally have very weak leg and thigh joints as they do not need to support their own body weight when in water, which is not adequately provided to them in newly industrial total-confinement duck farms (Rodenburg et al., 2005; Dean and Sandhu, 2006) . Access to open water is considered good for hygiene of the plumage and improved production (Knierim et al., 2004; O'Driscoll and Broom, 2011; Schenk et al., 2016) , and without the opportunity to at least to dip their heads and splash their feathers, ducks are unable to keep their feathers fully clean (Jones et al., 2009) .
Therefore, the present study was planned to compare the effects of different swimming times (ST) during the hottest periods of the day on growth performance, carcass characteristics and meat quality, body temperature, hematology, and health aspects of growing Muscovy ducks raised in an opensided house under the hot summer conditions (June to September), in a trial to improve their performance and health.
MATERIALS AND METHODS

Birds, Experimental Design, and Management
This experiment was conducted at the Poultry Research Farm, Department of Poultry Production, Assiut University, Egypt. The experimental procedures were performed according to the Local Experimental Animal Care Committee and approved by the ethics of our institutional committee of the Department of Poultry Production, Faculty of Agriculture, Assiut University, Egypt. The study was conducted during June to September, 2015. One hundred and eighty, 4-week-old (initial body weight 661 g), Muscovy ducklings in good health (without sexing) were randomly distributed into four equal groups (the ducks used in the present study were a commercial Muscovy strain developed by French Group, Sadat city, Egypt; +20, 482, 608, 200) . Each group had five replicates (9 birds/replicate) in a completely randomized design experiment. Birds of the first group (Control; C) were raised in the house (an open-sided house) without access to a swimming pond. All birds of the second (T1), third (T2), and fourth (T3) groups had access to a sheltered swimming pond (for 2 h/day) during 10:00 to 12:00 h, 12:00 to 14:00 h, and 14:00 to 16:00 h, respectively. These times of swimming were chosen according to the hottest periods of the day in the experimental location. All ducklings were wing marked with different colored plastics to visually distinguish among birds of the different replicates during the swimming time (control ducklings were also supplied with these colored plastics without access to a swimming pond). All groups were raised under the same housing conditions on a wheat straw litter in an open-sided house (of 40 m length × 8 m width and equipped with fans) and all groups were included in the same house. Each replicate was kept in a pen of 4 m 2 with access to an 8 m 2 partition (of wire fence) with a swimming pond with sun shelters. The swimming pond (dimensions of 30 m length × 10 m width × 3 m depth with cement floor) was located at the front of the house. The pond was supplied with fresh water from supply channels until the required level was achieved; water turnover occurred every morning using 12 nipples and an irrigation machine (4/3 inch) for two hours, changing approximately 1/5 of the water volume/week. All the birds consumed ad libitum feed and clean water (inside the house). Each bird had 4 cm of feeding hoppers (to prevent feed waste) and 8 cm of water. The birds were fed on a pelleted diet (20% CP and 3,000 kcal/kg ME) which contained adequate nutrient levels as recommended by NRC (1994) from 4 to 16 weeks of age. A constant 12L:12D light was provided to all ducks in the house with 10 to 20 lux/m 2 intensity throughout the experiment. Vaccination and medical programs were performed according to the different ages under the supervision of a licensed veterinarian. The daily maximum and minimum ambient temperatures and relative humidity (RH) were recorded 3 times a day at 1:00, 3:00, 11:00, 13:00, 15:00, 23:00 h (inside and outside of the house), their averages were calculated and expressed every month, then the temperature−humidity index (THI) was calculated according to the formula of Marai et al. (2001) Max. = Maximum, Min. = Minimum and Av. = Average.
Data Collection
Body weight and feed consumption on a replicate basis were weighed to the nearest gram at 4, 8, 12, and 16 weeks of age, then average daily gain (ADG) and feed conversion ratio (FCR) were calculated. Body temperature (BT:
• C) was recorded during weighing of the birds at 12 and 16 weeks of age by inserting the thermometer into the cloaca for 2 minutes at 2 cm depth in the morning (from 6:00 to 7:00 h), then the average of BT was calculated and taken into consideration. Record of dead birds was maintained on a daily basis. Plumage condition scores was measured at the end of experiment (16 weeks of age) by considering the feather distribution over the body using a scale from 1 (completely feathered) to 5 (featherless). At 16 weeks of age, 10 ducks per group were scored (using a scale of 1 to 5) for hock discoloration (HD), foot pad dermatitis (FPD), and breast blisters (BB). The HD and FPD were scored by the modified procedure reported by Kjaer et al. (2006) and Mayne et al. (2007) . The score 1 was given to no HD or FPD while 5 to total coverage of red HD or total foot pad involvement in an FPD. Some conformation parameters (shank and keel bone lengths and body depth) were measured by a vinyl metric measuring tape. Shank length was measured from the tibia metatarsus joint to the phalanges. Keel length was measured from the pix to the caudal end of the keel ridge. Body depth was measured as the distance between the base of the neck and the cloaca. At the end of the trial, five randomly selected birds in each group were slaughtered and parameters regarding percentages of carcass, dressing (carcass weight + giblets weight), intestinal tract (after removing their contents), and organ weight (liver, heart, gizzard, and abdominal fat) were recorded. Meat quality was carried out, in which a test panel consisting of five panelists judged the meat samples for aroma, color, flavor, tenderness, and juiciness of meat with grades of 10 points. Differential leucocyte counts were determined using the conventional method of one drop of blood on a slide.
Statistical Analysis
Data collected on various parameters were normally distributed and were analyzed using the General Linear Model Procedure of SAS software (SAS Institute, SAS R 2009). Means were partitioned by Duncan's multiple range test (Duncan, 1955) . The level of significance was kept as P < 0.05. The percentages of carcass and organs were transformed to arcsin values then retransformed to the original values after analysis. The scores of conformation and health aspects were tested with a nonparametric rank test using the NPAR1WAY procedure of SAS.
RESULTS
The temperature, RH, and THI during the experimental period ranged between 24.3 to 35.8
• C, 43.2 to 61.8%, and 34.5 to 40.7, respectively, which means that the birds faced severe heat stress throughout the experimental period (Tables 1 and 2 ).
The final BW of the ducks in T2 group was higher (P < 0.05) than those of birds in groups C, T1, and T3 at 16 weeks of age (Table 3 ). The ADG during 12 to 16 weeks in the C and T2 groups were improved (P < 0.05) compared to those of birds in T3, while the ADG of T1 group had an intermediate response. The FC and FCR insignificantly (P > 0.05) differed at all ages except during 12 to 16 weeks of age, where ducks of the T2 group consumed less (P < 0.05) feed and had better (P < 0.05) FCR at the same period than its counterparts. 778 NS C = Group of ducks raised indoor without swimming facility. T1 = Groups of ducks having swimming facility between 1000 to 1200 h. T2 = Groups of ducks having swimming facility between 1200 to 1400 h. T3 = Groups of ducks having swimming facility between 1400 to 1600 h. SEM = Standard error of mean. NS = Non-significant; * = P < 0.05. a-c Means within a row bearing different superscripts are significantly different at P < 0.05.
The different ST did not affect (P > 0.05) most of the parameters regarding carcass characteristics and meat quality, except the dressed carcass, abdominal fat percentages, and meat tenderness value (Table 4 ). The significant (P < 0.05) effect was more pronounced in T2 for dressed carcass and T3 and T2 groups for abdominal fat percentage (P < 0.05). The birds in T1 and T3 groups had the highest (P < 0.05) value for meat tenderness.
The BT average of T2 ducks was low (P < 0.05) as compared with the other groups. Lymphocytes count and heterophil/lymphocyte (H/L) ratio varied (P < 0.05) as a result of varying ST (Table 5) . Ducks accessing the swimming pond during 12:00 to 14:00 h showed the lowest ratio of H/L, while the reverse occurred in the group of ducks accessing to the swimming pond during 14:00 to 16:00 h.
The ST did not influence (P > 0.05) body conformation measurements; plumage conditions, FPD, HD, BB, and mortality rate (Table 6 ). Ducks of the T2 group had insignificantly the lowest values of FPD, HD, BB, and mortality rate (%).
DISCUSSION
The remarkable increase of the final BW of growing Muscovy ducks with access to a swimming pond at the different ST could be attributed to swimming during midday, consequently alleviating the harmful effects of the high temperature, through the fact that 745 NS C = Group of ducks raised indoor without swimming facility. T1 = Groups of ducks having swimming facility between 1000 to 1200 h. T2 = Groups of ducks having swimming facility between 1200 to 1400 h.w T3 = Groups of ducks having swimming facility between 1400 to 1600 h. SEM = Standard error of mean. NS = Non-significant; * = P < 0.05. a,b Means within a row bearing different superscripts are significantly different at P < 0.05. ducks can waste ratable amounts of heat into the water across their feet and bills (Scott and Dean, 1991) . The reduced appetite and FC due to the high temperature is logical and expected since most of the bird's heat load comes from feed metabolism. Ducks are "strongly water-oriented" birds and adore swimming (bathing) for biological needs (Ruis et al., 2003) . Stress causes reduction in tri-iodothyronine (T 3 ) concentration and increases corticosterone hormone. These hormonal changes reduce protein deposition by protein turnover in birds. These facets decrease total muscle mass and consequently reduce BW (Yunianto et al., 1997) . O'Driscoll and Broom (2011) • C has been shown to result in optimum growth while temperatures above 29
• C decrease duck performance (Huang et al., 2008) . The present results are in harmony with the findings of Mahrose and Farghly (2016) that a group of geese having access to a swimming pool showed better growth performance. Erisir et al. (2009) reported a higher BW of ducks with access to a water pool compared to birds reared without swimming. The latter authors concluded that providing access to a swimming pond resulted in increased growth. High temperature evokes detrimental changes in biological functions of birds leading to depression in appetite, FC, and FCR (Sterling et al., 2003) . Tanizawa et al. (2014) reported that the birds' performance when reared outdoors could be inclined by many uncontrolled aspects including exercise and temperature.
Contrary to these findings, Chen et al. (2013) and Mohammed et al. (2015) documented non-significant decreases in FC, BW, ADG, and FCR as a result of swimming deprivation. El-Shafaei et al. (2016) reported that birds having a swimming facility resulted in a decreased relative growth rate. Suswoyo and Sulistyawan (2014) reported unaltered feeding behavior due to swimming in heat stress.
The high-level performance is the aim of any enterprise involved in carcass and meat quality. The present results of dressing percentage may be related to the effect of swimming access on BW. Meat color is influenced by various aspects including the production system, method of slaughter, processing and handling, and the ability of the birds to respond to the environment (Baracho et al., 2006) . Outdoor production system enhances chicken flavor compared to those reared in confined systems (Fanatico et al., 2006) . Temperature fluctuations may affect carcass quality (Sarica et al., 2009 ); for example, heat can increase abdominal fat and vice versa. In the current work, ducks with access to a swimming pond had lower values of abdominal fat than those of the control and that might be due to dissipating energy during swimming, thus lowering abdominal fat. The present results are concordant with the findings reported by Fanatico et al. (2007) who showed that birds reared without confinement had less muscle fat content. More natural housing conditions and increased activity may result in reduced abdominal fat, lower meat lipid content, and better muscle development and consequently the more consumer acceptability (Castellini et al., 2002) . However, the reports concerning the effects of ST on the duck's carcass and meat quality are scarce. The outcomes of outdoor access on meat tenderness were in accordance with the results reported by Castellini et al. (2002) and Husak et al. (2008) that meat products from free-ranged birds were less tender. Meat color is positively influenced by outdoor housing (Fanatico et al., 2007; Liu et al., 2011; Mikulski et al., 2011) . Fanatico et al., 2005b Fanatico et al., , 2007 ) observed a yellowish color of meat products from chickens reared in freerange systems. The reason for the yellowish color might be that experimental birds in free-range systems have opportunities to consume forage plant materials that are rich in carotenoid pigments.
In this study, dressing percentage values were lower than the previously reported findings of Mohammed et al. (2015) . Fanatico et al. (2005a) found a nonsignificant increase in breast yield of broilers provided outdoor access. Mohammed et al. (2015) found an insignificant decrease in dressing percentage and liver weight due to swimming deprivation. Carcass yield and abdominal fat were also not influenced by access to a swimming pond or outdoor access (Erisir et al., 2009; Mikulski et al., 2011; Chen et al., 2013; Tanizawa et al., 2014) .
Body temperature is measured to evaluate heat stress and is the true reflection of internal BT (Borges et al., 2004; Tanizawa et al., 2014; El-Badry et al., 2015) . The current values of BT are in the normal range (38 to 42
• C) as reported by Suswoyo and Sulistyawan (2014) . Ducks having access to a swimming pond have lower BT than those of the control, due to dissipating heat into the water while swimming. Due to the fact that ducks drink and excrete a large amount of water, in addition to swimming access, much of their heat is in the form of latent heat (Scott and Dean, 1991) . Ducks kept in a higher ambient temperature would have a higher body temperature (El-Badry et al., 2015) . Tanizawa et al. (2014) showed that at the end of heat-exposure treatment, chicks' body temperatures were less than those in the control treatment. The present results suggested that thermal conditioning may alter response to subsequent heat exposure by changing the central thermoregulation system resulting in heat stress alleviation. High ambient temperature decreases the rate of heat dissipation, which leads to an elevation of BT (Borges et al., 2004; Chaiyabutr, 2004; Tanizawa et al., 2014) . El-Shafaei et al. (2016) recorded low BT (41.16 • C) in birds having a swimming facility as compared to birds in a control group (41.37
• C). Similar findings regarding lower BT in ducks having a swimming facility were documented by other researchers (Huang et al., 2008; Suswoyo and Sulistyawan, 2014) . The H/L ratio is widely acknowledged as an indicator of stress in poultry (Borges et al., 2004; El-Badry et al., 2009; ElBadry et al., 2015) . In our study, swimming times had a mild influence on differential circulating leucocytes and H/L ratio. The present results validated the relationship among different ST and potential non-specific immune reactive cells, such as heterophils. Therefore, varying H/L ratios among treatments suggested that birds of groups based on ST should have an influence on antibody and stress response. Heat stress changes the proportion of H/L, as heterophils increase during heat stress (Borges et al., 2004; El-Badry et al., 2009) . Ducks with access to the swimming pond during 12:00 to 14:00 h showed the lowest ratio of H/L as an indicator of reducing stress and the effectiveness of that time of swimming in alleviating the effects of heat stress on Muscovy ducks. Access to a swimming pond during 14:00 to 16:00 h did not help in reducing the H/L ratio and consequently H/L was a good indicator of heat stress because it was elevated when ducks were under heat stress. Tanizawa et al. (2014) documented un-affected (P > 0.05) hematological parameters and health status in indoor and outdoor housing systems. Immune response is inversely correlated to heat stress in birds. Pekin ducks reared without a swimming pool had weakened immune status (Erisir et al., 2009) . ElShafaei et al. (2016) recorded a reduction (P < 0.05) in blood H/L ratio in ducks that had access to a swimming pond. Ma et al. (2014) and Mohammed et al. (2015) found a decreased blood corticosterone level in heat stressed birds having access to a swimming pool than that of birds reared without a swimming pool.
Swimming access is important in maintaining plumage conditions and health status (Liste et al., 2012) . Ducks show a clear preference for open water and use water for drinking, general exploration, locomotion, and preening (Ruis et al., 2003) . The well-oiled feathers remain in a flexible condition and are necessary for heat regulation (Rodenburg et al., 2005) . Mohammed et al. (2015) documented more feather pecking and leg problems in ducks in relation to water supply. The absence of swimming may cause pecking incidence in ducks leading sometimes to cannibalism. El-Shafaei et al. (2016) revealed that the swimming access improved (P < 0.05) Muscovy ducks' body care behavior. Klemm et al. (1995) indicated that ducks with deep water troughs had less feather damage due to pecking than those who only had access to bell drinkers and shallow basins, which restricted their preening and foraging abilities. Ducks have a behavioral need for freely accessible open water (Ruis et al., 2003) . The same authors observed that ducks with access to open water had cleaner plumage than ducks with nipple drinkers. Knierim et al. (2004) stated that providing Muscovy ducks with open water greatly reduced feather pecking. Duck having swimming access had cleaner body and plumage (Suswoyo and Sulistyawan, 2014) and that gave better hygiene conditions. Muscovy ducks reared in an outdoor system with a water facility showed less feather pecking; only 12% of ducks showed injuries compared to 50% when ducks had neither outdoor access nor open water (Knierim et al., 2004) . No doubt, the most common system used worldwide for duck rearing is an intensive system without a pool but experimental outcomes documented by Erisir et al. (2009) signify that the intensive system along with pool facility is the best system in terms of duck welfare and growth. This system has a positive influence on plumage condition and reduces feather pecking. Outdoor systems with a swimming pond can decrease stress conditions and increase bird comfort (Blokhuis et al., 2006) , leading to stronger leg bones and walking ability (Fanatico et al., 2005a) . Knierim et al. (2004) found that providing ducks with access to open water reduces the incidence of FPD. Wang et al. (2009) documented more tender tibia in free-range birds and concluded that the production system had an effect (P < 0.05) on bone-breaking strength. The outdoor rearing is helpful in terms of stronger bones (Fanatico et al., 2005b) . Additional benefit of swimming is that the ducks have less contact with their feces, which may lead to a more favorable environment, improved bird health, and consequently stimulated production potential. Manifesto of swimming access is to enable ducks to display natural behavior simultaneously ensuring sanitary and economical production (Husak et al., 2008) . Erisir et al. (2009) found that access to open water had no effect on hygiene scores, but scores increased over time (P < 0.01). In the current study, there was a tendency for the ducks with access to the swimming pond at 12:00 to 14:00 h to have the lowest scores of FBD, HD, and breast blisters in comparison with the other groups. Mortality rates in the current work ranged between 2.22 to 8.88%. These rates were in the range (6 to 9%) reported by Demey (1989) and Sarkar (2005) . The present rates are lower than those of Islam et al. (2012) who found that mortality rate ranged between 17 to 29% in three different genotypes. Islam et al. (2016) reported that mortality rate in Muscovy ducks ranged between 0 to 35% with an average of 15.2%. O'Driscoll and Broom (2011) found that mortality rates were below 5%. The current findings are supported by those obtained Schenk et al. (2016) . However, the latter authors concluded that ducks housed with water troughs had a higher mortality rate and poorer quality than those housed with water lines, due to the high degree of bacterial contamination that accumulates each day with open water.
CONCLUSION
Raising Muscovy ducks during hot summer conditions in an open-sided house with swimming access during 12:00 to 14:00 h (2 h/day) is highly recommended. This was due to the higher BW, better immunity, and decreased mortality rate of birds in T2 group. The ST from 12:00 to 14:00 h resulted in a lower BT of ducks which was positively reflected in their health condition.
